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I. Abstract 
Experimental results of the performance of a plano-convex 
hydrofoil under non-cavitating and cavitating conditions are pre-
sented. Lift, drag and moment coefficients are given as a func-
tion of the cavitation number, together with the behavior of the 
cavity length. 
Some unsteady effects occurring under cavitating conditions 
are also considered. In this region of cavitation the magnitude of 
the force oscillations together with the fluctuation of the cavity 
length are presented. The frequency of these oscillations and the 
general behavior of the cavity are discussed. 
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II. List of Symbols 
= thickness of hydrofoil 
= chord length 
= span 
= radius of circular surface of model 
= cavity length 
= distance of center of pressure from leading edge 
= angle of attack, degrees 
= plan form area = (s x c) ft2 
= density of water, slugs/cu ft 
= tunnel velocity, ft/sec. 
p = corrected tunnel static pressure, p. s. i. 
pk = measured cavity pressure, p. s. i. 
pv = vapor pressure of water, p. s. i. 
L = lift force on model, lb 
D 
M 
K 
= drag force on model, lb 
= moment on model, lb in 
= corrected cavitation number = 
K = cavitation number based on vapor pressure 
v 
f 
= 
P - Pv 
1 v2 
z-p 
= lift coefficient = ___ L~-
tpV2 A 
D 
= drag coefficient = ----::::---
tpV2 A 
= moment coefficient = M 2 
tPV Ac 
about the mid-chord point 
= frequency of oscillations, c. p. s. 
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III. Introduction 
With the advent of hydrofoil boats and the demand for higher 
speed pumps and propellers the study of the performance of hydro-
foil sections under cavitating conditions has become essential. 
The knowledge of the characteristics of these hydrofoils under vary-
ing cavitation becomes a necessity with the designer. Furthermore, 
important unsteady effects become apparent in a certain regime of 
cavitation which affects the performance of the hydrofoil to a mark-
ed extent and which could lead to deleterious effects in any of the 
above applications. 
In propeller design extensive use has been made of plano-
convex hydrofoils, viz;hydrofoils with a flat under-surface and a 
circular-arc suction surface. It was therefore decided to conduct 
the tests on such a section . Since this type of hydrofoil has sharp 
leading and trailing edges the cavity usually springs from the lead-
ing edge due to the large suction pressure occurring there. This 
condition is not always met, however . At low angles of attack, 
0 below 4 for the section tested, the cavity appears downstream of 
the leading edge on the suction surface . The emphasis of the pre-
o 
sent tests was placed on angles of attack greater than 4 . 
Thus in the range tested the separation point of the cavity 
remained fixed . This condition gave rise to a more predictable 
flow configuration than would otherwi se have occurred if the leading 
3 
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edge were rounded, in which case the forward separation point of 
the cavity is not fixed. 
IV. Experimental Procedure 
The tests were conducted in the High Speed Water Tunnel in 
( 1 )>!< 
the Hydrodynamics Laboratory. The model used, as previously 
mentioned, was a plano-convex hydrofoil, the dimensions of which 
are shown in Figure 1. The 14 in. diameter, axisymmetric sec-
tion of the tunnel was converted to an approximately, 14 in. by 
3 in. two-dimensional rectangular section, by the use of two in-
serts, as explained in Ref. 2. 
The model was mounted on a base plate (see Figure l) which 
in turn was bolted to the spindle of the force balance so that the 
plate was set flush with the tunnel wall. A circular gap of approx-
imately 0. 0 20 in. wa.s left between the disk and the wall. The 
force balance and readout equipment provided a means of measur-
ing the lift, drag and moment on the hydrofoil. This set-up is 
explained in detail in Ref. 3. 
The end gap between the model and the facing wall was ad-
jus ted to 0. 005 in. and kept approximately at this value throughout 
the experiment. Although this end gap did vary slightly it was 
Numbers in parentheses refer to reference number in Section XIII 
found that the variation of the forces with end gap over a range of 
0. 005 in. to 0. 0105 in. was less than 5 percent for the lift and 
drag and negligible for the case of moment. These runs were con-
ducted for fully wetted flows at several angles of attack. During 
a test run the variation of the end gap, due to the difference in 
pres sure between the working section and the dead water region 
on the viewing side of the tunnel wall was never greater than 
± 0. 004 in. hence this effect was sufficiently small as to be in-
effectual. Similar results were obtained in Ref. 2, although a 
somewhat larger drag variation was obtained due probably to the 
greater thickness of the model. 
The readings for the forces were corrected for zero shift 
of the gage readings due to tunnel static pressure variation and 
for the tare forces on the mounting disk. These tare forces, al-
though small in the case of lift and negligible 1n the case of mo-
ment comprise, under certain circumstances, as much as 30 per-
cent of the total drag force. The results of these tests are shown 
in Appendix I. The method of obtaining these results, by mounting 
the model from the opposite wall of the tunnel is described in Ref. 2. 
The velocity, V and hence the dynamic head, 1/2 pV2 were 
determined by measuring the pressure drop across the piezometer 
ring at the 5 ft. diameter circular section of the tunnel prior to 
the tunnel nozzle and the two-dimensional section. This pressure 
reading was recorded on the force read out console. 
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The static pressure in the tunnel was measured in the two-
dimensional section by means of a mercury manometer. 
The cavity pres sure was recorded with respect to working 
section static pres sure by means of a mercury manometer, the 
reading was corrected for the fact that one leg of the manometer 
contained water and the other leg air. The cavity pressure was 
obtained by means of a pres sure tap located 0, 2 in. behind the 
leading edge, on the suction face of the hydrofoil at mid-span. 
Due to the frothy nature of the cavity, water tended to enter the 
pressure line from the cavity to the manometer thus blocking it. 
To ensure a correct reading of the cavity pressure, this line was 
kept clear of water by constant purging with a small amo•.1nt of 
air : 
Due to the dimensions of the working section used all pres-
sure taps located in the wot"king section are influenced by the 
circulation around the model. The question then arises as to what 
does one call the true wo:-:-king section static pressure or ultimately 
what is the pres sure corresponding to a point far away from the 
model. 
It was found necessary, therefore, with the experimental 
procedure used to correct all the above mentioned pressure measure-
ments taken in the working section for the model interference. 
This is necessary as all the force coefficients and cavitation num-
bers should be based on this pressure. 
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The method adopted for applying this model interference 
correction is explained in Appendix II. 
The test runs were taken at a constant angle of attack for 
a fixed velocity, V. The tunnel static pressure was then varied 
in successive steps to obtain different cavitating conditions. The 
readings on the console were recorded with an electrically operated 
35 mm recording camera. The state of cavitation on the hydrofoil 
was also recorded photographically from the side and in plan view. 
From these latter photographs, the cavity length could be as-
certained as a function of the cavitation number. 
The experimental set-up is shown in Figure 2. Figure 3 
shows a view of the force balance attached to the tunnel. 
The series of tests conducted, covered a range of angles of 
attack of 4 ° to l 0° over a range of velocities from 15 feet per 
second to 40 feet per second. 
For each run the lift, drag and moment coefficients were 
calculated. These being defined according to Section II as 
c = L 
L 
M 
c = D 
2 iPV Ac 
D 
The cavitation number based on measured cavity pressure and 
based on water vapor pressure were also determined, viz. 
K = 
p- ~ 
1 v2 
aP 
the symbols being defined 1n Section II. 
p - Pv 
1 v2 
aP 
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Finally, the cavity length-to-chord ratio was determined from 
the 35 mm photographs taken of the cavity on the hydrofoil. 
For the ·fully-wetted runs, the velocity and tunnel pressure 
were maintained constant and the a:ngle of attack varied over the 
range of interest viz. -4° to 15° in steps of 15 minutes of arc. 
This was repeated for several velocities to give a range of Reynold's 
numbers. 
In all the above readings no account was made for tunnel 
interference effects such .3.S wall interference effects, model and 
wake blockage effects and static pressure gradient effect down the 
working section. 
It is well known( 4 ), (5) that when the cavity length is in the 
neighborhood of the chord length an unsteady phenomenon becomes 
apparent and the forces on the hydrofoil fluctuate violently as does 
the cavity itself. This unsteady region persists over a range of 
cavity length to chord length ratios of approximately 0. 6 to 1. 2. 
On either side of this region, namely, in the partially cavitating 
and fully cavitating regions, the flow is relatively steady. To 
study this region of unsteady flow more fully it was necessary to 
make use of the output of a semi-conductor strain gage embedded 
at the root of the hydrofoil, flush with the flat surface and situated 
at mid-chord. It was necessary to make use of a strain gage as 
the response of the force balance was completely inadequate to be 
of any use in measuring the unsteady forces on the model. 
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The output of this strain gage was recorded by means of a 
recording oscillograph using photo-sensitive paper. This output 
afforded a means of measuring the fluctuating normal force com-
ponent on the model together with its frequency. 
In conjunction with the strain gage a high speed motion pic-
ture camera running at approximately l, 900 frames per second 
was used to photograph the oscillating cavity. By analyzing film 
strips frame- by-frame a time history of the cavity growth could 
be determined. The output of the strain gage was also recorded 
on the film as a fluctuating light spot which, together with two 
calibrating marks, enabled the time history of the force to be 
determined. Several film strips were assembled into a short sound 
motion picture':c which makes it easier to visualize this non- steady 
cavitation process. 
From this unsteady data, a preliminary idea of the salient 
points governing this region of cavitation c 'ould be obtained. 
The film entitled "Some non- steady Effects in Cavity Flows", 
Report No. E79. 5, may be borrowed from the Office of Naval 
Research, Code 438, Dept. of the Navy, Wash. 25, D. C. or 
the Hydrodynamics Laboratory, Karman Laboratory of Fluid 
Mechanics and Jet Propulsion, California Institute of Technology, 
Pasadena, Calif. 
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V. Experimental Results 
A selection of the test points obtained from the experiment 
are tabulated in the Tables at the back of this report. These 
results cover the complete range of velocities and angles of attack 
used. The lift, drag and moment coefficients are given and in the 
case of cavitating flow the cavitation number, as measured and 
based on vapor pressure are listed. Space limits the complete 
set of the data to be given . 
To determine how consistently the cavity pressure, or cavi-
tation number, could be recorded and how this reading compared 
with that based on vapor pressure a plot of K against K was made, 
v 
for varying velocities and angles of attack . As seen in Figure 4, 
this reading is quite repeatable. The discrepancy between the two 
readings increases with increasing cavitation number. It will be 
noted that the cavity pressure is always higher than the vapor 
pres sure. This result is to be expected as the existence of gases 
in solution together with impurities in the water would cause the 
formation of bubbles and so cavities at a higher pressure than the 
vapor pressure. These results also check with those obtained pre-
viously. (l) 
Firstly, let us consider the fully wetted characteristics of 
the hydrofoil. In Figure 5, we see the lift, drag and moment 
coefficients plotted against angle of attack, a.. The points are 
6 6 
shown for a Reynolds number range of from 0. 46 x 10 to 0. 7 5 x l 0 . 
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Over this range there is very little significant change in any of the . 
force coefficients. 
0 It is seen that at 1 angle of attack there is a slight stalling 
effect in the lift curve with a corresponding increase in the drag. 
This effect is characteristic of certain sharp nose aerofoils and is 
due to the type of boundary layer separation occurring on the 
f ' 1 (6), (7), (8) 01 • This wave in the lift curve comes about because 
the laminar separation of the boundary layer at the leading edge 
and subsequent reattachment forms a small turbulent "bubble". 
This bubble effectively reduces the high suction peak causing a 
drop in lift. On further increase in angle of attack the bubble 
grows rearward until a completely turbulent boundary layer is 
achieved. This hump in the lift curve can be removed by increase 
in Reynolds number . to approximately 6 x 1 o6 or by increasing the 
nose surface roughness, thus stimulating a turbulent boundary 
layer. These effects are discussed in detail in the above references. 
The lift slope below this hump is less than 21T but slightly larger 
than the slope above the hump. 
Figures 6 and 7 show respectively the variation of the lift 
to drag ratio and the center of pres sure location with angle of 
attack. The kinks 1n these curves at 1° being due, once again, to 
the boundary layer separation. 
For cavitating flow the values of the force coefficients as a 
function of the measured cavitation number are shown in Figures 
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8, 9, 10 and 11, each graph being for a different angle of attack. 
The photographs indicate the degree of cavitation occurring on the 
hydrofoil at a few different cavitation numbers. These locations 
are marked on the graphs. 
In Figures 12, 13, 14 and 15 are shown graphs of the ratio 
of cavitation number to angle of attack as a function of cavity 
length to chord ratio. These points were obtained from the 35 mm 
photographs taken of the cavity for each data point. The dark points 
are those occurring in the unsteady flow regime previously mentioned. 
As can be seen the unsteady region occurs over a region of approxi-
mately 0. 6 1/c, to 1. 2 1/c, regardless of angle of attack. This 
region of unsteadiness has been indicated on the graphs of the 
force coefficients as well and the region again represented by dark 
points. 
In this region of cavitation the forces are fluctuating violently 
and the points shown plotted are those recorded by the force ba-
lance. These readings are somewhat meaningless as the force ba-
lance frequency response is completely inadequate to react to the 
vibrating force. However, the curve has been drawn to indicate, 
1n perhaps a rather misleading way, the general trend of the forces 
in this region. 
In Figures 12, 13, 14 and 15 are shown theoretical curves 
obtained by the use of linearized theory for cavity flows in the 
regions of full cavitation (9 ) and partial cavitati on (1 O) on a flat 
plate hydrofoil. We see that for fully cavitating flow the agree-
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ment is better than for the partial cavitating case. This, however, 
1s to be expected since in the former case the hydrofoil acts exact-
ly like a flat plate whereas in partial cavitation, camber and thick-
ness effects play a role. Furthermore, it is seen that agreement 
is better at the lower angles of attack which is also to be expected, 
as the linearized theory i s based on the assumption that the angle 
of attack is a small parameter. 
In Figure 16, is plotted the polar diagram for the section. 
In Ref. 11 experimental results on a similar section were carried 
out in non-cavitating and cavitating conditions, for angles of attack 
t 50. up o The cavitation number in these experiments is based on 
vapor pres sure and hence a direct comparison of the data cannot 
be applied too meaningfully. Furthermore, the thickness ratio in 
this experiment was 7. 35 percent as compared with 7 percent in 
the present case. The results, however, show quite a favorable 
agreement in the common region covered by both investigations, 
VlZ 
0 0 from 4 to 5 angle of attack. 
The results of the investigation into the unsteady region of 
cavitation are given 1n Figures 17, 18 and 19 . In Figure 17, is 
plotted the time variation of the fluctuating normal force component 
as a percentage of its mean value . The variation of cavity length 
to chord length ratio is also shown. These readings are taken in 
the region of maximu.m oscillation, for a g iven angle o f attack of 
6 ° and velocity of 27 feet per second, the cavitation number being 
13 
0. 90. These results were obtained from the high speed motion 
picture camera, taking frame-by-frame measurements of the cavity 
length and force amplitude. It will be seen from this diagram that 
the force fluctuation is of the order of ± 10 percent of its mean 
value and is in phase with the cavity oscillation. The average 
frequency of this run is 16 cycles per second. 
The behavior of the cavity during each cycle is of interest. 
As the cavity length increases from its minimum value there is 
a corresponding increase in the force. During this process a re-
entrant jet forms at the rear end of the cavity, gradually filling 
it with foam and causing a vortex type · motion within the cavity. 
On reaching the end of the foil the cavity surface becomes uneven 
and irregular and there is a decrease in the force. Small vortices 
may be shed from the end of the cavity causing small fluctuations 
1n the force as it decreases. The vortex motion eventually breaks 
up the cavity causing a large vortex to be shed, reducing the cavity 
length abruptly and reducing the force to its minimum value. The 
cycle is then repeated. 
In Figure 18, these effects are presented in a slightly different 
form. Here we have the percentage force change, from its mini-
mum value during the oscillation, as a function of cavity length 
to chord ratio for the same parameters as above. The arrows in-
dicate the direction in which the curve is traversed ·during a cycle. 
The outer loop represents the main cycle of events while the 1nner 
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loop corresponds to a secondary oscillation which sometimes occurs 
as the cavity grows. 
The fina~ figure, Figure 19, shows the reduced frequency 
(fc/V) of the oscillations based on chord length and tunnel velocity. 
The points shown plotted represent an average of a number of 
readings obtained from the oscillograph print- outs. The cavitation 
numbers are the average values during the phase of maximum 
oscillation. Quite a bit of scatter occurred and these curves should 
be viewed with some reservation. However, it does seem conclusive 
that the frequency of oscillation increases with attack angle. Further-
more, the reduced frequency is seen to be essentially independent 
of velocity which suggests that the frequency of oscillation is not 
strongly dependent on the rigidity of the surrounding tunnel struc-
ture. There is the basic question, however, of the effect of the 
tunnel (and flow) "compliance" and its effect on such transient 
cavity flows as described herein which has not yet been answered. 
For example, if the tunnel were perfectly rigid and if there were 
no free surfaces other than that of the cavity itself, then an ln-
finite pressure difference (in an incompressible medium) would be 
required to create the changing cavity volume. The tunnel is com-
pliant however. Numerous pockets of vapor collect in the diffus or 
and from the photographs (Figs. 8(b) to ll(b)) it can be seen that 
there are entrained vapor-air bubbles in the flow. All of these 
evidently provide the cushion for the fluctuating cavity volume. 
15 
The lack of an appreciable phase change between the force arid 
cavity length (Fig. 17) suggests that possible inertial effects of 
the fluid in the tunnel circuit or tunnel rigidity are not large. 
We do not know at the present time whether or not the re-
sults presented herein on these non-steady effects occur in the 
presence of a neighboring free surface or on three-dimensional 
partially cavitating hydrofoils. We would speculate, however, 
that they do although it is clear that further experimentation is 
necessary before these points can be settled. 
VI. Conclusions 
The performance characteristics of a plano-convex hydrofoil 
have been given for non-cavitating and cavitating flows. The 
behavior of the lift, drag and moment on the hydrofoil is pre-
sented. It is seen that this range of cavitation can be divided 
up into three regimes; the partially cavitating region, the fully 
cavitating region and a region of unsteady flow, when the cavity 
is in the neighborhood of the chord length. 
In the partial and fully cavitating regions the forces are 
steady and are well defined in terms of the cavitation number and 
angle of attack. The unsteady zone, however, the forces are 
unsteady and the cavity fluctuates violently. The fluctuating normal 
force on the hydrofoil measured in the present experiments has 
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an amplitude variation of ± 10 percent of its mean value in this 
region. The reduced frequency of the force oscillations appears 
to be a function principally of the angle of attack. Reduced fre-
quencies based on chord length and tunnel velocity are in the range 
0 
of 0. 10 to 0. 20 for angles of attack of 10 or less and for the 
tunnel velocities used (below 40 feet per second). 
The cavity fluctuations are in phase with the force oscillations 
and the variation in cavity length is of the order of 0. 6 percent 
to 1. 2 percent of the cavity length to chord length ratio. 
The present investigations on the unsteady region of the cavi-
tation on a hydrofoil are of a preliminary nature, the aim being 
to acquire some information on the processes involved and to ob-
tain a general qualitative and quantitative picture of the unsteady 
phenomenon. Future work on tunnel boundary and free surface 
effects is envisaged. 
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Figure 1 (b) 
Figure 1 (a) Model and base-plate. 
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t =0.19" 
c = 2.77" 
R = 5" 
s = 2.85 11 
tfc = 7o/o 
Dimensions of model and positive sense of forces 
and moments. 
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Figure 2 
Figure 3 
Test set-up showing working section with mano-
meters and recording cameras. 
Close up of force balance mounted on tunnel 
(to right of picture). 
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Figure 8(b) Cavitation on model at a = 4 °. 
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Figure 9(b) Cavitation on model at a. = 6 °. 
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Figure 11 (b) Cavitation on model at a = 10°. 
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IX. Appendices 
Appendix l 
We present here the results of the tests carried out to de-
termine the tare forces acting on the hydrofoil mounting disk. 
The results have been reduced to coefficient form to facilitate 
their application to the test data. 
Figure Al. l shows the lift force acting on the disk as a 
function of the cavitation number for different angles of attack. 
Figure Al. 2 indicates the behavior of the drag force and Figure 
Al. 3 illustrates the tare force corrections for lift, drag and 
moment in fully wetted flow, as a function of angle of attack. 
The method for obtaining these results, as previously men-
tioned, is reported in Ref. 2. 
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Appendix 2 
The method of correcting for the model interference effects 
is presented in this appendix. Before proceeding with the method 
used it must be stated that this correction endeavors only to 
account for the induced circulation by the model and does not deal 
with other tunnel effects such as the wall effects and static pres-
sure gradient effects. The notation to be used is illustrated in 
the following Figure. 
~-------------6p----------------~~ 
r-------6 P, --------!-
MODEL ¢. 
v 
" 6 .25 
Figure AZ. 1 Diagrammatic sketch illustrating notation used 
. . 
, r.r. 
The method is designed so as to apply the corrections to the 
results in coefficient form. The procedure used is as follows: 
The static pressure was measured at all the pressure taps used 
in the working section (p 
o• 
as was the differential pressure 
used in calculating the dynamic head f:l. p, for the entire range 
of velocities used in the experiment. 
All conditions of cavitation on the model at various angles 
of attack were considered. The differential pressure across the 
main nozzle f:l.p was recorded and this reading used as a ref-
r 
erence, it being relatively insensitive to the circulation effect. 
The lift force on the model was recorded this being a measure 
of the induced circulation around the hydrofoil. 
The ratio 
= 
is then plotted as a function of CL':<, the lift coefficient based on 
the uncorrected dynamic head f:l.p. This ratio is a function of 
CL' say h(CL). The value of this function at zero lift is defined 
as 
h(O) = ( 1) 
where we now define p as the true working section static pressure. 
From these results the following correction procedure can be 
evolved. From equation ( l) we get that 
45 
p - Po 
= 
Pz - h(O)~p r - Po 
~p ~p 
= 
h(CL) - h(O) 
= f( C L), 
h(CL) 
hence p = f(CL) Ap + P 0 
The force coefficients obtained directly from the 
are defined as (in suitable units) 
~:c F F 
cf = = 
(Pz - Po ) Ap 
The corrected force coefficient, however, is 
= 
hence, we get 
= 
= 
i. e. = 
F 
<Pz - p) 
F 
Ap( 1 - f(CL)] 
c/< 
say 
experiment 
(2) 
Hence the corrected force coefficient may be obtained from the 
force coefficient obtained from direct measurement, once the 
function f(C L) has been obtained. 
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In a similar way, the cavitation number can be corrected. 
Since the measured cavitation number is 
= 
the corrected cavitation number is 
K = 
= 
(p - Pk) 
(p2 - p) 
f(CL).D.p + p 0 - Pk 
P 2 - f(CL).D.p - p 0 
f(CL).D.p + PQk - Pk - Pok + Po 
= 
.D.p[ 1 - f(CL)) 
, .. 
= 
f(CL) K··- opk 
+ 
1 - f(CL) 1 - f(CL) .Q.p [ 1 - f(CL)] 
K = 
1 ( * OPk ) K + ( f(C ) --) ( 3) 1 - f(CL) L .Q.p 
All the functions in equations (2) and ( 3) can be obtained from 
the calibration tests, hence the corrected force coefficients and 
cavitation numbers can be found. 
The functions 
1 
and 
.D.p 
are shown plotted in Figure A2. 2. 
The results show quite a large scatter particularly in the 
latter function. This is due to the fact that the pressure differences 
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6pk being measured are quite small and due to the normal surging 
in the pres sure lines to the manometers this difference is ex-
tremely difficult to obtain with accuracy, thus giving rise to the 
large scatter. This effect is also apparent in the graph for the 
function 1/[ 1 - f(CL)] although here the effect is relatively much 
smaller and a definite trend in the correction with lift coefficient 
is evident. At a lift coefficient of 1. 0 this correction is approxi-
mately 3 percent. 
The corrections have been presented as functions of lift only. 
This is not to say that there is no drag effect on the measure-
ments. A drag effect was looked for in the results but this, it 
is felt, was lost in the scatter as the drag effect at the angles 
of attack investigated are of the same order of magnitude as the 
scatter obtained. 
It seems, therefore, that short of improving the accuracy of 
the normal measuring techniques the drag effect is unobtainable 
at these low angles of attack. However, at larger angles of 
attack, of the order of 25°, this effect should be apparent. 
The points shown plotted, as mentioned, cover all the ex-
perimental conditions investigated. However, no endeavor is made 
to distinguish these points as no definite dependence was observed 
on velocity, static pressure, etc. 
It would seem, at first glance that no correction would be 
necessary to the data at zero lift. This is indeed the case for 
the factor 1 /[ 1 - f(C L)) which is unity at zero lift. The factor 
48 
] , however, incorporates in it a correction which 
accounts for the use of two different pressure taps p
0
k and p
0 
in the working section for the determination of the cavitation num-
her. At zero lift we see that, since £(0) is zero, - c5pk / Ap has 
the value 0. 02, approximately. 
i.e. 0.02 
Ap 
This pressure difference arises from the boundary layer effect 
and its value, in fact, checks with calibration results of the two-
dimensional working section obtained in Ref. 2. 
The corrections were applied to the results 1n the following 
manner. The force coefficients and cavitation number are cal-
~;:ulated from the experimental readings. 
the corrections 1/[ l- f(CL)] and [f(CL)-
For each data point 
c5pk 
Ap ] for the given 
lift is read off Figure A2. 2 and applied to the results. The tare 
force correction is then applied and these final results are the 
ones shown plotted in the report. 
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v . 19.30 ft/sec. TABLE I. CHARACTERISTICS OF HYDROFOIL V"' 31.32 ft/sec. 
R• : 0. 46 X 106 IN NON-CAVITATING FLOW Re = 0. 75 x 106 
CL CD eM CL CD eM 
-4.00 o. 0004 o. 0346 -o. tto4 
-4.00 -0.0065 0. 0309 -o. tosJ 
-l. 00 0. 1985 0,0197 -0.0463 
-3.50 0. 0487 0. 0262 -o. 0932 
0 0 . 3764 0 . 0147 -0.0007 
-3.00 0. 0995 0. 0223 -I), 0782 
2.00 0. 5005 0. 0186 0.0426 
-2.75 0. 1247 0. 0201 -o. onJ 
4.00 0. 6603 0. 0266 0.0845 
-z. so 0 . 1481 o. 0190 -0.0665 
6. 00 0. 8420 0. 0478 0.1386 
-2.25 0. 1721 0. 0178 -0.0564 
8. 00 0. 9628 o. 0747 o. 1819 
-2.00 0. 1921 o. 0104 -o. 0476 
10.00 I. 0931 0. 1180 o. 2071 
-1.75 0. 2140 0. 0152 -0.0400 
15.00 0. 9366 0.0960 
-I. 50 O.l420 0. 0149 -0.0375 
10.00 I. 1027 0. 1193 0. 2083 
-1.25 0. 2636 0. 0146 -o. 0313 
8, 00 0. 9883 0. 0774 0 . 1837 
-1.00 0. Z778 0. 0136 -0.0244 
6. 00 0. 8370 0 . 0462 0.1342 
-0.75 0. 3106 0. 0137 -o. 0192 
4. 00 0. 7093 0. 0278 0 . 0833 
-0. so 0.3295 0.0131 -o. 0140 
2. 00 0. 5101 0 . 0194 0 . 0380 
-0.25 0.3583 0. 0133 -o. oo89 
0 0. 3736 0 . 0133 -0. OJ II 0 0, 3714 0. 0129 -o. oo26 
-2 . 00 0. 1961 o . 0178 -o . os56 0. 25 ·a. 4023 0. 01ZZ 0. 0016 
-4.00 -0.0021 o . 0304 -o. 1124 0. 5() 0. 4261 o. 011.9 0. 0089 
0. 75 0. 4478 0. 0126 0. 0148 
l. 00 0, 4539 0. 0118 0. 0197 
1.25 0. 4490 o. 0141 0. 0245 
1. 50 o. 4644 0. 015Z 0.0303 
1.75 0. 4781 0. 0164 o. 0356 
v . Z5. 93 ft/sec. 2. 00 0. 5031 0. 0164 0. 0408 
R• 0 . 62 X 106 
2. l5 o. 5349 0. 0167 0.0474 
2.50 0. 5443 0.0177. 0.0540 
2. 75 0, 57Z5 0. 0185 o. 0593 
CL CD eM 
v . 31.17 it/sec. 
3.00 0. 5797 0, 0184 0.0647 
3.50 o. 6360 0. 0217 o. 0775 
-4.00 -0.0022 0. 0304 -0.1045 Ro 0. 75 X 106 4.00 0. 6751 o. 024S 0. 0896 
-3.50 0. 0386 0. 0266 -0.0923 5.00 0. 7732 o. 0338 O.ll51 
-3.00 o. 0941 0 . 0221 -0.0750 6. 00 0. 8352 0, 0447 0.1391 
-2.50 0,1443 0. 0192 -0,0625 CL CD eM 8.00 0. 9873 0, 0735 0. 1858 
-2.00 o. 1907 0. 0168 -o . 0470 10.00 I. 0919 0. 1182 0. 2044 
-1.50 0. 2358 0. 0154 -o . 0374 2 . 25 o. 5317 0, 0167 0, 0439 8.00 0. 9993 0. 0738 o. 1880 
-1.00 0.2776 0, 0152 -o. 0253 2. 00 0 . 5032 o. 0159 0, 0395 6. 00 o. 8563 0. 0450 0. 1426 
-o. 50 0.3237 o. 0139 -0 . 0138 1.75 0. 4928 o. 0152 0. 0322 5.00 0.7763 0. 0330 o. 1188 0 0. 3671 0, 0135 -0 . 0039 l. so 0.4680 0. 0145 0, 0270 4. 00 0. 6848 o. 0244 0.0903 0. 50 0. 4178 o. 0124 o. 0072 I. 25 0. 4574 0. 0139 o. 0218 3. 50 0 . 6260 0. 0217 o. 0777 I. 00 0. 4619 0. 0135 0 . 0180 l. 00 0, 4503 0, 0125 0. 0166 3. 00 0. 5882 0. 0193 0. 0638 I. 50 o. 4768 o. 0158 0. 0310 0.75 0. 4541 0. 0122 0 . 0116 2.75 0. 5688 0. 0178 0. 0567 
2 . 00 0,5122 0. 0168 o. 0424 0. 50 0. 4236 0. 0133 0 . 0058 2.50 0. 5527 0. 0174 o. 0528 2. 50 0. 5437 0. 0180 0 . 0539 0.25 0.3965 0, 0118 -0 . oozs z.zs 0. 5Z45 o. 0165 0. 0489 3. 00 0. 59ZO 0. 0196 0. 0652 0 0. 3837 0. 01Z8 - o . 0056 
3.50 0 . 63Z9 o. 0222 0.0763 -o.zs 0. 3534 0 . 0131 -o. 0111 
4.00 0. 6763 0. 0256 o. 0877 -0.50 0. 3335 0. 0127 -0,0172 
6.00 0, 846Z 0. 0464 0.1383 -0.75 0. 3166 o. 0130 -O.OZ41 
8.00 o. 9953 o. 0739 o . 1883 
-1.00 0, Z907 0, 0133 -0, OZ80 
10.00 I, ll8Z 0, 1193 0 . 2086 -1.Z5 0, 2704 0, 0139 -0.0345 
15,00 0. 9574 0. 1097 -1.50 0. 2453 0. 0142 -o. 0398 
10.00 1. 1265 0. 1201 0 . 2137 -1.75 0.2224 0 . 0153 -0.0471 
8. 00 0. 9974 0 . 0734 0. 1882 -2.00 0. 1982 0. 0163 -0.0513 
6. 00 0. 8577 o. 0465 0 . 1416 -2.25 0.1763 o. 0173 -0.0576 
4.00 0,678Z o. 0253 0 . 0880 -2.50 0.1506 0.0186 -0.0655 
2.00 0. 5055 o. 0176 o. 0342 -2.75 0.1245 0. 0198 -0.0725 
0 0. 3819 o. 0123 -o. oo92 -3.00 0. 0981 0. 0195 -0.0812 
-2.00 0 . 1964 0 . 0163 -0.0563 -3.50 o. 0472 0,0255 -o. 0943 
-4.00 -0.0028 0. 0297 -0.1097 -4.00 -o. oo66 0. 0306 -0.1097 
v " 30,33 ft/sec Q " 40 TABLE ll CHARACTERISTICS OF HYDROFOIL v. 18,97 ft/sec. . = 80 
K K CL CD eM IN CAVITATING FLOW K K CL CD eM v v 
0 .158 0.1165 0.1703 0,0271 o. 0119 2.050 1. 5704 l. 0491 0. 0664 o. 1963 
0.249 0.1825 o. 2548 o. 0269 o. 0191 I. 720 I. 3899 1. 0903 o. 0701 0.2069 
0.273 O,Z367 o. 2780 0, 0280 0, OZ30 1.414 1. 1253 I. 1875 0. 0930 o. 1935 
0. 396 0. 313Z 0.4327 0. 0313 0 . 0324 I. 208 0. 9769 1.1715 0.1149 o. 1.312 
0. 372 0. 2940 0. 3698 0 . 0299 0.0421 0 . 96Z 0. 7475 o. 9647 0. 1123 o. 0948 
0.-448 0. 3605 o. 457Z 0. 0322 o. 0461 0. 814 0. 6223 0. 79l0 o. 1005 0. 0813 
0. 5000 0. 4205 0 . 5314 0. 0343 0.0739 0. 741 0. 5292 0 . 6159 0. 0866 o. 0716 
o. 5900 o. 4945 o. 6052 0. 0344 1. 962 I, 5238 l. 0436 0. 0688 0. 2033 
0. 6780 0. 5723 0. 7021 0. 0362 1.395 1.1201 I. 1987 o. 0943 0. 1647 
0. 7270 0. 6279 o. 7824 o. 0369 o. 0706 1.157 0. 8636 1.2155 0 . 1122 0 . 1172 
0. 7550 0. 6656 0,8162 o. 0350 0. 919 0.7373 o. 9417 o. 1100 o. 0912 
0. 7920 0. 6864 0. 8763 0. 0339 0. 0770 
0. 809 0. 6919 0. 8886 0. 0305 0. 0781 
0. 856 0. 7303 o. 8630 o. 0254 o. 0903 
0. 933 o. 7707 o. 8216 0. 0187 o. 1045 
0. 906 0. 8007 0. 8203 0. 0168 0 . 1074 
0. 963 0. 8167 0 . 8065 0. 0129 0 . 1117 v. 19.29 ft/sec. Q = 60 v 31 42 ft/sec, 10° 0. 916 0. 8265 0. 8233 0.0167 0 . 1078 . 
0. 979 0. 8733 0 . 7917 0.0118 0 . 1135 K K CL CD eM K K CL 1.032 o. 9055 0. 7478 0. 0135 o. 1091 v v CD eM 
2.130 1.625 o. 6899 0. 0194 o. 0939 1.751 1.3272 o. 8959 o. 0469 0. 1307 o. 786 0.6675 0. 8011 0 . 1302 0. 0793 
I. 363 1.069l. 0 . 9856 0.0429 o. 1363 0.733 0. 6271 0. 7583 0, 1221 0. 0774 
1.173 0. 9151 l. 0635 0. 0590 0.1104 0. 396 0 . 33gg 0. 4427 0. 0634 0.05Jg 
0. 31g 0. 2g98 0. 4109 0. 057g o. 033g 
v 30.61 ft/sec. . = 60 
K 
v 
K CL CD eM 
v • 30 . 15 ft/sec. a. : gO 
0. 229 o. 2016 0. 2503 0 . 0362 o. 031g v. 24.97 ft/sec. . 10° 
0, 34g 0. 2994 o. 3383 o. 0301 0.0423 K 
v 
K CL CD eM 
0. 454 0. 3gl4 0. 4516 0. 0474 0.0496 K K CL CD eM 
0, 5g5 0. 5030 0. 6060 0. 0597 o.o5g9 2. 544 1.7636 I. 0126 0. 0624 o. 1942 
v 
0. 650 o. 5609 o. 6825 0 . 0631 o. 0645 1. 945 I. 605g I, 06g5 0 . 0627 0 . 2034 2.275 I. 7196 1.1573 0. 1067 o. 2191 
0. 834 0. 7012 o. g795 0. 0663 0. 0797 1.819 1.5295 I. 0620 o. 0608 0. 2029 2. 100 1.6397 1.1730 o. 1100 o. 2156 
0. 961 0 . g230 I. 0335 0. 0702 0 . 0934 I. 706 I. 4153 1. 0605 0. 0612 0. 2002 I. g94 1.5245 I. 202g o. 1170 0. 2075 
I. 052 0. 9045 I, og98 0. 0653 0 . 1084 l. 530 1. 29gg 1.0859 o. 0730 0 . Jg63 1.586 I. 2959 I. 2642 o. 1411 0.1753 
I. 108 0. 94g6 I. 0617 o. 0610 0 . 1200 1.013 0. g481 I . 0340 o. 1140 o. 0947 I. 033 0. 8616 I. 1249 0. 1652 0. 0926 
I. 285 I. 1006 0. 9994 0. 0365 o. 1583 o. 817 0. 7071 o. 8537 0 . 1051 o. 0780 0. 730 0. 5728 0. 7423 0. 1225 0 . 0781 
I. 337 1.1596 o . 9830 0.0342 o. 1639 o. 757 0. 6345 0. 7g39 0. 0994 o. 0739 0. 429 0. 3643 0. 4623 0. 0790 0.0622 
I. 509 l. 2451 o. 9440 0. 0337 0 . 1633 0.616 0. 5027 o. 6322 0.0857 0 . 0667 o. 429 0. 2707 0. 3924 0. 0769 o. 0590 
I 565 I. 3286 0. 9197 o. 0337 0.1593 0. 503 0. 4191 0 . 5068 o. 0713 0. 0599 
I 738 I. 4040 0 . 9026 0 . 0346 0.1520 0. 369 0. 3069 0. 3782 0. 0526 o. 0515 
I 805 I 4545 o . 9002 0. 0358 0 . 1534 0. 289 o. 2416 o. 3228 0.0172 0 . 0434 
v = 18,90 ft/aec, . . 10° 
K 
v 
K CL CD eM 
v : 24.96 ft/aec. . " 60 
Q : gO 1. 6715 0 . 1084 0 . 2189 v = 24 . 78 ft/sec. 2. 304 1.1324 
K K CL CD eM 2. 041 I. 5691 I. 16go 0.1145 0. 2172 v K K CL CD eM I. 919 1. 5025 1. 2086 0,1189 o. 2120 
1. 740 1.3405 o. ggJ5 0. 0362 o. 1501 v I. 568 1.2552 1. 3014 0. 1452 o. 1863 
1.553 I. 2g47 0, 9090 0.0357 0,1575 2.060 I. 6375 1. 0374 0 . 0652 o. 1975 1. 379 I. 1331 1.3274 0. 1758 0 . 1414 
I. 085 0. 9075 1. 0666 0.0649 0,1223 I. 942 1. 5808 I, 0574 0. 0651 0 . 1989 I. 336 I. 0869 I. 3138 0. 1705 0. 1348 
0. 782 0, 6411 0. 7973 0 . 0670 o. 0779 0. 914 0. 7394 o. 9376 o. 1109 0.0874 1.117 0. 9384 1. 2206 0.1741 0.1024 
0 . 570 o. 4541 0. 5746 o. 0564 o. 0600 0. 538 0. 429.2 0. 5462 0.0748 0.0653 0. 966 0. 8248 I. 0615 0. 1576 0 . 0960 
o. 363 0. 289g 0. 3514 o. 0355 o. 047g 0. 412 0. 3135 0. 4044 o. 0604 0.0565 0. 818 0. 7135 0. g6go 0. 1375 0. 0878 
o. 214 0. 2053 0 . 2624 o. 0316 0. 0417 0. 326 0. 2397 0 . 3301 o. 04g4 0.0504 I. 345 1.0249 I. 3094 0 , 1635 0.1374 
1.103 0. 8577 I. 1344 0. 1658 o. 1018 
0. 973 0. 7602 o. 9726 0. 1564 0.0938 
0. 647 o. 4793 0. 6219 0. 1101 0.0758 
0. 552 0, 3830 0 . 5125 0. 0928 0. 0765 
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